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ABSTRACT

Twoobjective test methods are examined to determine)
=which yields higher cognitive achievement. The Multi-Digit Test

. (MDT) procedpre, `available for only two years, is a computer
scored approximation of fill-in-the-blarlk questions,
'facilitates question writing and improves feedback to students. and
webers. The students select their answers from long lisps of
alphabetized terms, each with a number up to '999 on the 3-digit
format. Previous comparative reseatch plus recent work
,specifically on the Multi-Digit Test are all similarly inconclusive.
Some 'results show ad-,antages for fill-in-the-blank style
questions; other results show no difference; no study says that
multiple-choice is superior for cognitive achievement. Recent
development ancLavailability of the Multi-Digit Test will permit
others to research, and utilize this additional evaluation method.

Introduction and Background

This paper examines the effectiveness
and influence of the Multi-Digit Test on
cognitive achievements in comparison with the
traditional multiple-choice teat. The research.
described ere focus6 only on exathination
material h h .could be handled by either of
the methods d also by the fill-in-the-blank '
method, i.e., hen the answer is a discrete
term or name 'The objective is to be
constructive, adding something new for specific
applications while not detracting from the
existing test methods, each with its own

\c-) particular rationale.
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Objective tests i'uch as
multiple-choice, true-false, and matching are
frequently criticized as being too trivial or
for encouraging guessing in a context of answer
recognition. They are also faulted for taking
too much of the teacher's time to compose
properly. However, they ate credited with
the advantage of being easier and quicker to
grade than the open response fill-in-the-blenk
tests which require recall. Whateer the
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advantages and disadvantages of objective tests,
they are a mainstay of --high school and .coil
testing procedures and are the princip
devices used in standardized tests. Yet clearly
part of their content could,' be handled, 1?),
the fill-in-the-blank method.

II. The Multi -Digit Test (MDT)

To diversityeclissroom objective tests,
an instruments has been needid to evaluate
large numbers of students while avoiding the
guessing and recognition possibilities of the
5-10 foil multiple-choice test. At the same
time the method should not require the time

onsuming manual grading of the
1M-in-the-blank format. A new testing
method which incorporates these features has
been developed and in use since January 1983.
It is called the Multi-Digit Test (MDT),
wherein after reading the questions the
students must have their answers in mina
before referring to a list of several hundred
alternatives arranged in alphabetical order..
(See a sample list in Figure 1.) The code
numbers of the selected answers are recorded'
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Figure 1: Part of an MDT "lexicon-list"
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MDT LISTS OF BASIC GEOGRAPHICAL FEATURES
CONCEPTS AND TERMS FOR WORLD GEOGRAPHY

7.1.T.
Special List A of Concepts and Terms

r

41 Absolute Location
:2, Accessibility

Acculturation
14 A41 of Discovery
#15 gricultstal
16 Alienation
17 Alluviws
18 Altitpdinal
19 Assimilation
20 trio
21 8711 rock

22 Beneficiati4n
12 Slommts
24 /weak -in -Bulk
25 Campeslnos
26 Capitsl-Sur-Exporplua/011ting
27 Catholicism
2f Centtpetal
29 Central Plap
30 Chetnotam

1 1 211

48

ate-- Numi ubtrop ea
33 Climate--

Humid Continental
34 Climate -- Desert
35 Climate - -ice Cap
36 ClimateMilne West

Coast
37 Climate--Meilterran n

18 Climate--ftinfore
39 Climate--Steppe

Climate--Subarcti
414sC1 imatt--Tundra
.2 Climate--Uplands and

I

u of Rome
44 Complementarlty
45 Condensation
46 Coniferous

411111,

47 Conspicuous Conilumption
41 Continentality
49 Conviction
50 Convergence
51..Creole

53 Deciduous
51 Dave/aping
53 Development
SI Ow Point
57 Direct flay
se witectiOn--

Coatter-ClOckwime
51."104rectiOn--Clockwise
60 Direction--East to Welt
61 Directiore-MS to IM
62 DirectiOro-NW to SS.
13 OirectiOn..-40 Major.

Movesent
14 OirectiOn--North.t0 South
45 DirecitiOn - -SS to NW
44 Direction - -8W to NS
47 Direction- .South to North
ag DicectiOn. -Weet.to Sast9
14 01vergent
70 Dual 1Conomi
71 Dual SOOieti01 .

72 !come
73 Effective National

Territory
71 Elides
7$ tangent
76 Cncomienda
77 Environmental Degradation
/I Environmental Determinism
79 Environmental Perception
SD Gloater
111 Equinox
12 erosion
83 Ithnocer rism

ii

SI Exploftation
85 tspropriation
16 Extended raillitee
17 Pall. Line
SS jataliali
SO Pauli'.
90 First World
91 Front
62 Ghetto
93 Glaciation

Glaciers
95 Gradation
96 Gross National

(GNP)
, 97 Growth
98 Haciendas
9g Hinterland
100 Holistic
101 110110e ?Miter
102 Humus
103 industrial Revokution
104 InduStrialisation
105 Industrialised
106 lo,pen
107 Land Tenure
108 Latifundlio

108 Latitude
210 Leaching
111 Least Developed
112 Leeward
113. Long Lots 1

' 114 Longitudt
115 Malthus

/111 MeOlogolia
117 Melting Pot
115 Meridian
119 Mestizo
120 Migration
121 Ninif undid
122 Mixed Parsing

IS

C

1

1

13
13

13

Product
13
13

9

All.111112111.111111.1re

23 'Moraine 163
24 Neocolonialism 114
2? Neoilthie 115
21 Neely Industrialised 40
224 Occluded 117
21 Orilgraphic 111
34 Pangea 169
30 Parallel 170
1 Parlor's ' 171
2 Parasitic 172
3 Peasants 1731
4 Pedalfecs .174
S Jedocals 175

176
)77
%71
1h
1110

1

1

I1
I

1 ' 1MII1111
-We

. List of Geographical Features

A2,1 'gti-ion

202 Aolulan
201 Accr4
:04 A,...aqua
.05 Addle Ababa
206 A.Jea
:07 Adirondack
:04 Adrlar&t:
209 Aegean
210 Afrlionittrin
211 Africa
212 Alabama
211 Alamia
214 Ai.anit
2IC Albany
2lh Albert.]

Aleqtlari
1;exAnat1.1

219 Al .nrta
::n i4ters

Al.egheny
Alus
Al sales

AMA2M
American Jamoa
Ammn

:21

:1

::4
:25
24

228
29

:32
:11
:34
:35
:36
:37
:34
23';

:40
241
:42
241
244
246
246
:41

AmiActLim
Am Darya
Amur

I aqe
Angos
Aew,14

Ar Kar
Anndielka
AntIteeli Circle
AntarerIa .

ArIrlq.a and Dependenciel
ilreater

4rIrt.lee. Lesser
Anti piano

APP41a,nian
Accenninea
Aggana
Acatian
5141
Ar.1,

248
249
250
251

252
253
254
255
256
257
258
259
260
261
212
263
264
265
266
267
26

26f
'

270

13271
272
271
274
276
274
277

279
:40
281
262
:43
284
285
286
287
288
2114

290
2°1
292
:91

Arctic Circle
Atgentina
Arizona
Arkansas
Atmentil
Aruba
Ascension
Asia
Aauncion
Ataellea
Athtne
Atlanta
Atlantic
Atlantic
Atlas
Auckland
Augusta
Austin
Australia
Australian Alps
Austria
Azerbaidzhan 11
At ov
Bab-El-Mandeb
Baffin
Baghded
Bahamas
Bahrain
Daikai
(Ulan
Baltic
Baltimore
Bangkok
Bangladesh
Parnadol
haionta
oefitan
Basque ' .

Baton Rouge
Baird
0.1
nelftnt
Belgium
Belgrade
Belize
Relorueela

Coastal Plain

O

294 Bengal
293 Benin
296 Bergen
297 Bering
296 Berlin
299 Bermuda
300 Bern-
301 Bhutan
302 Birmingham
303 Illscay
304 Bismarck
305 Black
306 Blue mile
307 Bogota,
3011 1Boise
309 Bolivia
310 Bombay
311 Bonn
312 Borneo
313 Bosporous
114 Bothnia
315 Botswana
316 Brahmaputra
317 Brasilia
118 Brasil
319. Bel:Ulan Highlands
320 Brazzaville
321 Stisbane
322 British Columbia
323 Brooks
324 Brunei
325 ArJlell
326 Bucharest
327 Budapest
328 Buono, Aires
129 Bulgaria
330 Burma
331, Burundi

(1332 Cadiz,
331 Cairo
371 Calcutta
345
33

Calgary
6 California.

337 Cambodia
334 Camtro,,n
339 Canaria
140 Canadian Shield lit

134 Per Capita Income
137 Pecifecy

131 Plate Tectonics
140 Pluralism
141 Podsols.
142 Population Pyramid
10 Poverty
Isa Prairie Wedge
10 Precipitation
146 Prevailing Wind
147 Primary
1111 Prime Widian
149 Quality of Life

151 lanatIWT4rivatlori
152 Relative Location
153 Resource
151 Resurgent
Lep Revolution
156 Rotation
157 Rural Isolation

11:
Second world

160 Seigneur
161 Seventh Approximation
162 Shifting Cultivation

Sits
Situation
Slash-and-Burn (Bwidden)
Social Mobility

°economic

tics
Spatial Interagtion
Specialisation .;

Stationary
Strip Mining
Structural
Subduction
Submergent
Subsistent'
Technological Revolution
Tectonic Forces '

Tertiary
81 Third World
82 Tierce Caliente
83 Tierra Fria

_.14 !/11r[14 Telpiada

117.101fer (Author)
57 TOpography
es TrimptIcatititty IM
11 Trefty of Tordesilles
90 Underdeveloped
11 -Undeveloped
92 United Nations
13 Urban Shadow

Vertical
(see attitudinal)

194 Windward
19S Xerophytic
196 iambus

5.

3
42 Cancer, Tropic of

D "1, Canberra

41 Cantabrian
39
39

344 Canton, 19
345 Cape Town 39
348 Cape Verde 19
347 Capricorn.Tropic of 19

348. Caracas 19
349 Caribbean 39

150 Carpathian
351 Carpentaria

39
31

152, Carson City 40

353 Cascade 40

154 Caspian 40

355 Caucasus
356 Cayman

40

158 Central 40
40
40

357 'Celebes

559 Central African Republic 40

360 Central America 40

361 Chaco, an 40

362 Chad 41

163 Charleston 41

364 Cheyenne ' 41

165 Chicago 41

366 Chile . 41

367 China (Natiooalsst) E 41
368 China (Peoples Republicl 41

369 Chungking 41

370 Cleveland 41

372 Colomula
41

42
371 Coast Range

371 Colombo
374 Colorado

4

42

175 *Colombia
-

42

376 Columbus 42

377 Comoros 42

171 Concord 42

379 Congo 42

380 Connecticut 42

381 Cook Islands 42

382 Copenhagen 43

383 Cortl.a 43

384 Costa RiCa 43
43

386 Cubs 43
385 Crete

387 Cyprus 43

188 Crecboaiovaaia 43

9 Dacca
0 Dallas
1 Damascus
2 Danube
3 Dar.Ea Salaam
4 Dardanelixs
S Darlin4
6 Darwin'
7 Dead Sea
S Death Valley
9 Deccan
0 Delaware
1 Denmark
2 Denver
3 Des Moines
4 Detroit
5 Dinaric Alps
6 District of Columbia
7 Djakarta
a Djibouti
9 Dnieper
0 Dominica
1 Dominican Republic
2 Don
3 Drakensburg
4 Dublin
S East China
6 Eastern
7 Eastern Siberia
8 Ecuador
9 Eninourgh
0 Eanonion
1 Egypt
2 El Salvador
3 Elbe
4 Elbrus
S England
6 inolosh
7 Eluatorial Guinea
0 Erie
9 Eritrea
0 Ettonii
1 Ethiopia
2 Ethiopian Highland
3 topnrates
4 Europe
S Everest
6 Ev0.4la4es

r

/

O
NOTE: The hack side of this pave contains

one continuous list From F to E.
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on a optically scanable answer' sheet.' A
three-digit sheet presen.tty in .use,can
accommodate, up to 999 code numbers. (See
Figure 2.)

Students preparing for the MDT
questions must stud for recall rather than
recognition. There are also other advantages.
Once the anima lists are prepared the .teacher
has more flexibility and opportunity to
compose and utilize a -greater variety of,.

, questions. Computer scoring offers rapid
grading and a full contingent ci4 statistical

. analysis. Furthermore, the feedback tb the
students is greatly enhanced because the,
computer his a lexicon of responses that

f
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match the thousand alternative answers. A
further discussion of tite chiracteaVeies of
the Multi-Digit Teat was written by Anderlob
(19844..

The Multi-Digit\ Test has been used
with over six hundred students during five
semesters,, the majority being enrolled in a
freshman-level World Geography course.' As
elpected,'"studeht reactions are mixed.
Unfamiliarity with `the method, an additional
sheet of paper on the desk, and, he increased
question, difficulty (in contrast to 5- choice.
questions on the same subject matter) lead
about half of the students to, coneider the

Z-#

Figure 2: MDT answer sheetv(reduced size)
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MDT method to be less desirable than the
traditional multiple- choice. method. "However,
those students re "ly prefer MDT when given

. the choice 'betioeet. ..c. and full. free-response
. questions:(diU-in-the-blank).

Abd half of -.the studs Consider
the MDTomet od-to be equal to or preferred
over the multiple-choice style. A sample of
their comments include:
"...studied a great deal more...shows that the
individual *knows the material or not, he can't
guess..." S..B.

":..really Aye 'to know. the information..."

"First time `taking an Exam like this'll t like
(it.)" G.T.

"I liked the MDT test system."

"...great ideal" L.A.

Ire He

...liked the idea...more effective in
determining if the stiidents really know the
information..you either kaow it or yOu
don't." R.B. t

"I think the MDTO test method' is very
effeCtive in that it contains tke besticlipects
of both the multiple choice test and th'e
fill-in-the-blank test method. It negates the
problem of lucky guessing common to
multiple choice test but at the same time
allows recall of answers "on the tip of your.
tongue by being able to see the name on a
list. It also doesn't bring with it the
problem of leirning how to spell strange
names correctly, a problem common to
fill-in-the-blank tests:" P.D.

,
"...good test .method..." K.B.

"I like the MDT. method./ I feel it provides a
much more accurate score when an evaluation
of a studentts knowledge is being
attempted...If I know I would be faced wijh a
MDT test...the motivation to study would be
greatly enhanced. MDT tests will raise
retention' and lo'wer unearned grades." R.B.

III. Research On the Comparison of
Cognitive Achievement

A. Preyigus' Research: Student comments and
apriori reasoning suggest that the Multi-Digit
Test should result iA some advantages in

--4-

cognitii,e achieerient ,when ,compared with the
5-choice method. Previous research efforts in
this areaby Duchastel (1981) and Duchastel
and Nungester (1982) indicate the effics4cy of
recall and consolidatio4-retrieval of the short'
answer M-in-the-blank) test over the
recognition/discrimination pattern of the
multiple- choice test. T e same "mental
review" thought process req iced in the short
answer test is present in hi 'MDT- method.
Osher comparable studies (Sax and Collett
1068; Gay 1980) yield inconclusive or,
unrelated resulm Ward (1982) reported that
the response format made no difference in the
pattern of corgelatioris unoni a set of verbal_
aptitude tests. Such a variety of res,ults
suggest that furthevstrch..is necessary.

B. Iles ear ch....wirlthLja LUILE) igit Tests
Research by Andersori, Hill, Naim and Walters
(1985) comitared three test methods (including
MDT) on the place name portion ofia World
Cleography course. Their exploratory research
used a Latin SqUare/recurring. measures

;methodology with. 188 students during a
semester-long compgrison. The students were
always advised as to the test method used fo
each ,segment of their course,. An onannounc
post-test provided the final data. Retenti n
of cognitive learning was highest when*, t e
students had studied for their turn with
fill -in- the- blank method, second with MDT,
and lowest with multiple - choice i exactly as
hypothesized. Allthough\only the
fill-in-the-blank method yielded a statistically
significant difference (retention approximately
eight,to ten percent greater than in the other
two methods), the results are considered to be
conservative because of limitations in the
research methodology.

Subsequent and on-going .research has
been undertaken by the co- authors (Anderson
and Kanzler) during the Fall sk(1984 an S p ring
1985 semesters within the setting of the
laboratory high school at Illinois State
University. The advantages gof that
environment. have been discussed in an
paper by Anderson and Kanzler (1985).

4,;..".1,1

Three of the five U.S. History
classes in the laboratory school were taught
by Dr. Kanzler and were utilized in the
research. All students h.ad previously
pre-registered into classes of about
twentrfive 'students in a random fashion
based on availability, requirements and
electives. The pre-test and first-two tots of
the semester were identical for all three,

5
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groups in order to ascertain any noteworthy
differences between the classes. The means

and other descriptive statistics were essentially
the same, and the 11 AM class was selected as
the aperimental (MDT) group..

Far each of the bi-weekly tests the
MDT format'queations posed to the
experimental gro-up were converted to
multiple-choice 4-foil format for the two
control groups. Five to ten multiple-choice
questions where' reasoning or judgment was s
factor in the answer were alsto included on°
most tests. For the third test (first' one
with MDT), no advance nitice orb the change
of format was given tat' the experimenial
group. As anticipated the experimental group
achieved a much lower mean score (52%) than
either of the two 'control groups (74%,and
.71%'). That is a decline of 28% from the
average correct scores of the control groups.
It was readily Aparent to the sTudents th)st
the MDT basedii recall was a much harder,
more demancling fest. When the same test was
subsequently adminLeered in' a multiple-choice
4-foil format to the experimental group, those
students achieved the same (72%) result as the'
control groailbs. A few students complained
about the difficulty and fairness of the MDT
test, not realizing that difficulty is- at the
discretion of the iniructor, who could also
hit< given Bill -it zthe-blanic tests.

Attempts to quit the MDT as just
another but longer form of matching 'test had
to be dispelled bOxiforcing a time limit only
.slightly longer than the average tims needed
to complete a multiple-choice test of equal
length. The "search" for the correct answer
by random ..scanning 6f lists or by elimination

-attempts is apparetitly difficult 'habit to
break.'

After the first few achninistratLis of
the MDT tests, the students realized that
they would have- to modify their study, habits
to accommodate the recollection of factual
evidence. Some resisted Os and dismissed the
material as trivial ingignific,ant sand irrelevant.
This too is att"the discretion of the teacher.,and is not a criticism of the Multi-Digit Test.
Since most students apparently rely heavily
on the recognition facto.: present in
multiple-choice tests, some objected to the
time and effort required by the demands of
the recall strategy. Other students claimed
that the change in study hvbits was impairing
their performance on the multiple-choice
section of tests where more judgment and

I
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reasoning were required. , That was apparently
not the case because an analysis of the
multiplerchOice segment of the. final
examination revealed that the students in' the,
experimental group did as well if not slightly
better than the control groups.

As the semester continued the
experimental group made noticeable gains, at
times attaining scores equal to those of the
grolipse with the multiple- choice tests.
However, their performance on the
comprehensive final exam was disappointing

(25 % lower), but the sheel) volume of
information was probablt a, major factor. Oa
one occasion the control groups were given
both formats of the test with the MDT
format coming first and being unannounced.
Their MDT results averaged 42%. lower than
their bra multiple-choice scores and 37%
lower than die MDT scores of .the
experimental group. during the present
spring Semester, most of the students are still
enrolled in Dr. Karizler's second' semester
history classes. Fitz'ther 'data collection,
including a 'post-test in May, will yield
additional results.

C. Sugggasta: In general-, the research efforts
to date have not shown dramatic improvements
in learning and retention that could be
attributed to the Multi-Digit Test. On the
other hand, no evidence even hints at any
detrimental effect when MDT or open response
methods are applied to appropriate subject
matter. There are sufficient indications of
possible benefits to merit further research.
Very clearly, with questions which can be
Answered with a discrete term or name like
those on the lists, the MDT method is more
rigorous and students respond in a desirable_
way to that ria;;;;;. Although many students

lindicate that their study' habits are modified,
the qualitative and quan,titative aspects of
that modification hav(e not been clearly
identified. ti

N. Conclusions sad putnice 'Work
)The work on -the Multi-Digit Test

over the past two years indicates that it has
definite applications in an important niche in
computersioredtesting. Further variations' of
those applications will. be found when
additional disciplines, gift consideration to the
MDT method. At iresent, MDT has only
been used in selected courses of geography,

,history, home economics, and music.
Virtually every discipline that has a
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coapenent of key vett:Imlay or content (like
chemical -de:tents) could 'utilize the'
Multi-Digit Test. Actual numeric answers of
up to three digits (with .the decimal point
indicated in the stall of the question) provide"
new avenues' for applications int& variety of
quantitative subjects. .Much more research on

'both tke applications and the pedological
. issues is needed. .

toy

Work on the Multi-Digit Test is
continuing 4t Illinois State University where
larger samples and mere ,disciplines are
beconitqg involved.- Other- colleges and
universities are invited to enter this resedch.

{ An array of answer sheets, computer programs,
long lists, and written guidelines are available
for people interested in research on diet

. method or interested simply in introducing it
iato their testing structures. The Department
of Geography-Geology at Illinois State
Universitly is at present preparing.' for the
dissemination of the materials. to.. interested
schools which commit to undertake research
and luation of the Mplti-Digit Test. ,A
sy tete of full or partial grants. has been
established tq assist those schools or
individuals in Implementing ti)e Multi-Digit
Test. (Those interested should contact Dr.
Anderson at the address given above.) It is
anticipated that 'at so ititure conferences

to the apglicatieos
further presentations andnd possibly who}e
sessions could be devo
of the Mu., lti-Ditit Test,
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